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Abstract
Positron Emission tomography Response Criteria In Solid Tumors (PERCIST) version 1.0 was introduced in 2009 for objective
assessment of tumor metabolic response using 18F-FDG PET/CT. Practical PERCIST: A Simplified Guide to PET Response
Criteria in Solid Tumors 1.0 was published in 2016 to review and clarify some of the issues with the PERCIST. In this article, we
reflect on the benefits and challenges of implementing PERCIST, and speculate on topics that could be discussed in PERCIST 1.1
in the future.
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Introduction

We could ask ourselves before arguing for or against the rou-
tine utilization of Positron Emission tomography Response
Criteria In Solid Tumors (PERCIST) [1, 2], BIs there an im-
mediate need for quantitative positron emission tomography
(PET) response criteria?^. After all, we have been using 18F–
fluorodeoxyglucose (18F–FDG) PET/computed tomography
(PET/CT) for monitoring response to therapy in various tumor
types for years now, and visual assessment seems sufficient in
many cases. And there are the European Organization for
Research and Treatment of Cancer (EORTC) recommenda-
tions from 1999 [3]. Our short answer is yes, there is a need.
We may have been using 18F–FDG PET/CT for years to as-
sess treatment response, but we are far from being able to
present a clear answer to the referring physician in a consistent
manner. One complaint heard not uncommonly in the clinic is
that depending on who is reading the 18F–FDGPET/CTstudy,
the responses are somewhat different, as visual assessment of
tumor response can and does lack sufficient inter-reader agree-
ment (Fig. 1). And simple categorization of the 18F–FDG

PET/CT study results into two groups of responders or non-
responders fails to utilize the rich data 18F–FDG PET/CTcon-
tains. Quantitative PET assessment presented as percent
change in FDG uptake would retain the inherently continuous
nature of the data, and have high inter-observer reproducibility
[4]. The EORTC recommendations were a great place to start
standardization of PET assessment, but they did not clearly
state which tumor, or tumors, to measure, and do not detail
which PET parameter to utilize. To be able to present an ob-
jective and reliable assessment of response to therapy, a de-
tailed and straightforward description of how to perform quan-
titative PET response that could be employed regularly in the
reading rooms appears essential.

Performing PERCIST

One barrier to routine use of PERCIST is the perceived tedium
associated with performing PERCIST. The reader should note
that only two short extra steps are needed to perform
PERCIST. First, the reader is required to measure the hepatic
18F–FDG activity. In order to perform PERCIST, the reader
needs to see if the target tumor lesion shows sufficiently high
glucose uptake for reliable assessment using 18F–FDG PET/
CT. PERCIST has a minimum threshold for measurability,
defined as 1.5 × (mean value of normal liver) + 2 × (standard
deviation of liver) or greater at baseline. The hepatic 18F–FDG
activity can be measured quickly with a fixed 3-cm diameter
spherical volume of interest in most of the current commercial
reading software. The other required extra step is conversion
of the quantitative PET parameter from standardized uptake
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value (SUV) to SUV corrected for lean body mass (SUL).
This conversion can be made with one or two clicks in the
reading software as long as the patient’s height and weight are
known, or the reader could opt to set SUL as the default
display unit. The current commercial software packages use
slightly different methods to compute the peak SUL, and fu-
ture cooperative efforts from vendors are required to unify the
peak SUL computation method. Also, the Janmahasatian for-
mula was recommended for estimation of lean body mass in
modern PET scanners [5], but this method is currently not
widely incorporated into the commercial workstations.

PERCIST asks the reader to measure the single hottest
tumor in the patient at each time point for assessment.
Selecting the hottest uptake lesion may require additional time
and care when there are multiple tumors. It is possibly worth
mentioning that the single hottest voxel which shows the max-
imum value may not be contained within the 1-cm3 sphere
with the peak SUL. The time and effort it takes to select the
single hottest tumor site could be saved with wide distribution
of automated software such as Auto-PERCIST™ [6], which is
already available to readers for research purposes.

The single hottest tumor becomes the target lesion in
PERCIST, though up to five lesions have been suggested for
measurement. One recent paper looked at the number of lesions
measured inmetastatic breast cancer, and found that the number
did not have a major impact on the prognostic value using
PERCIST [7]. We have found similar findings of high

correlation for single lesion measurement and up to five hottest
lesions in breast cancer, sarcoma and lymphoma studies [8].
How many lesions should be assessed and how to compute
the change for multiple measurements require further studies
in various different clinical settings. The rationale for measuring
a single lesion is to clearly identify lesions which might be the
Bworst^ behaving, especially when tumor resistance to therapy
begins to evolve. For now, PERCIST can be performed with
one target lesion, a pro that will not be lost to the readers.

Routine size measurement is not necessary for PERCIST,
but measurement could be made when a lesion demonstrates
noticeable increase in size even though the FDG uptake is
decreased. Which would be the best method to express such
discordant changes between the PET and CT images?
PERCIST puts greater emphasis on the metabolic change, as
does the widely used Deauville criteria for malignant lympho-
ma [9]. Several exploratory parameters mentioned in
PERCIST look at both the SUL and the volume of the tumor,
but these parameters require further validation. Total lesion
glycolysis, the product of the mean SUL and the metabolic
volume, showed predictive or prognostic values in cancers of
the head and neck [10], lung [11], and uterus [12] to list just
some, and in pancreas neuroendocrine tumors [13]. Simple
product of volume and metabolic activity may not be the most
accurate solution, and recently, a new metric was proposed
that incorporates the commonly utilized metrics of SUV, met-
abolic tumor volume, and total lesion glycolysis into a single
parameter [14]. Various textural features and parameters
representing tumor heterogeneity have shown much potential
for predicting disease progression [15, 16]. How to best rep-
resent the volumetric and SUL data, and possibly such fea-
tures as intratumoral metabolic heterogeneity, is a challenge
that needs to be further investigated.

In PERCIST, decrease greater than or equal to 30% in peak
SUL is considered partial metabolic response, and peak SUL
rise greater than or equal to 30%, when coupled with an ab-
solute change in SUL of at least 0.8, is considered as progres-
sive metabolic disease. PERCIST 1.0 does not suggest differ-
ent thresholds according to therapeutic regimen or number of
chemotherapy cycles performed prior to assessment. This top-
ic could be considered after additional data are collected, pos-
sibly in PERCIST 1.1.

The advantages of peak compared to maximum SUV, es-
pecially in noisy 18F–FDG PET/CT studies, should hold true
for studies performed in patients with benign diseases as well.
Quantification of inflammatory conditions can be advanta-
geous for monitoring therapy, in such diseases as sarcoidosis
or arthritis.

Comparison of PERCIST with RECIST

Response Evaluation Criteria in Solid Tumors (RECIST) 1.1
is currently the standard imaging method in clinical trials. As

Fig. 1 Which response category would you designate this patient? Many
readers hesitate between partial metabolic response and stable metabolic
disease. Using quantitative method such as PERCIST, the peak SUL
change from 9.0 to 5.4 and thus 40% decrease could easily be
reproduced across sites and readers
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RECIST and PERCIST measure two different features of a
tumor, and as 18F–FDG PET/CT can detect more metastatic
lesions including bone metastases than enhanced CT, the two
criteria can be expected to yield different responses not un-
commonly. There are not many studies that directly compare
the prognostic values of PERCIST and the revised RECIST
1.1. In 20 patients with metastatic breast cancer, tumor re-
sponse by PERCIST was a superior predictor of progression-
free survival (PFS) than response by RECIST 1.1 [17].
PERCISTshowed difference in PFS between the patients with
partial metabolic response and stable metabolic disease, while
the PFS did not significantly differ between the partial remis-
sion and stable disease groups according to RECIST 1.1 after
chemotherapy in 35 patients with non-small-cell lung cancer
(NSCLC) [18]. There are additional studies that showed su-
perior predictive value of PERCIST compared to RECIST 1.0
in esophageal cancer, NSCLC, and Ewing sarcoma [19–21].
PERCISTcould lead to more accurate response assessment by
noninvasive imaging in this age of precision medicine, but
many more studies are required to validate this possibility.
Future studies need to compare the predictive and prognostic
values of response according to PERCIST and RECIST 1.1 in
various tumors for various therapeutic options.

Conclusion

Future studies directed for input and validation of quantified
response using 18F–FDG PET/CT could address the current
limitations of PERCIST 1.0 and propel the routine use of 18F–
FDG PET/CT and PERCIST for response assessment in var-
ious diseases.
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